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(57) ABSTRACT

The present invention relates to an airfoil shaped body with a
leading edge and a trailing edge extending along the longitu-
dinal extension of the body and defining a profile chord, the
airfoil shaped body comprising an airfoil shaped facing that
forms the outer surface of the airfoil shaped body and sur-
rounds an internal volume ofthe body, a distance member that
is connected to the facing inside the body and extends from
the facing and into the internal volume of the body, and at
least one reinforcing member that operates in tension for
reinforcing the facing against inward deflections and that is
connected to the facing inside the internal volume of the body
at the same side of the profile chord as the connection of the
distance member to the facing and to the distance member at
a distance from the facing.
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1
REINFORCED AIRFOIL SHAPED BODY

CROSS REFERENCE TO RELATED
APPLICATIONS

This is the U.S. national phase application based on PCT
Application No. PCT/EP2010/068521 filed Nov. 30, 2012,
which is based on European Application 09177783.9, filed
Dec. 2, 2009, the entire contents of all of which is hereby
incorporated by reference.

The present invention relates to a reinforced airfoil shaped
body, and in particular to an airfoil shaped body having rein-
forcing members inside the body extending transversal to the
longitudinal direction of the airfoil shaped body and operat-
ing in tension to prevent deformation of the airfoil shaped
outer surface of the airfoil shaped body during operation.

The airfoil shaped body may be, but is not limited to, awind
turbine blade, an airplane wing, a helicopter blade, etc.

A conventional wind turbine blade comprises an airfoil
shaped facing, typically divided into shells, and a girder, such
as a beam or a spar. The girder can be a single beam, but often
two girders are used. The parts of the airfoil shaped facing
extending between the two girders at opposite sides of the
facing are denoted caps or cap parts. The two girders together
with the cap parts, typically of increased thickness, form a
so-called box profile.

Some types of wind turbine blades are designed with a spar
in the form of a box profile which is manufactured separately
and bonded in between prefabricated shells that form the
airfoil shaped facing when assembled.

The airfoil shaped facing is typically made of a laminate of
fibre reinforced plastics, fibreglass and/or other materials.
Typically, the airfoil shaped facing is made of two shells that
are assembled to form the facing.

During its operation, the wind turbine blade is subjected to
loads at an angle to the flapwise direction. It is common to
resolve this load on the blade into its components in the
flapwise and edgewise direction. The flapwise direction is a
direction substantially perpendicular to a transverse axis
through a cross-section of the blade. The flapwise direction
may thus be construed as the direction, or the opposite/reverse
direction, in which the aerodynamic lift acts on the blade. The
edgewise loads occur in a direction perpendicular to the flap-
wise direction. The blade is further subject to torsional loads
which are mainly aerodynamic and inertia loads. These loads
can subject the blade to harmonic motions or oscillations at
the blade’s torsional eigenfrequency; cf. FIG. 1 for an indi-
cation of the loads and the directions.

During operation, the airfoil shaped body, e.g. in the form
of' a wind turbine blade, is primarily loaded in the flapwise
direction. The forces cause bending of the airfoil shaped body
along its longitudinal extension. In case of a wind turbine
blade, the body typically bends towards the tower of the wind
turbine. The bending causes ovalization or flattening as illus-
trated in FIGS. 2 and 4 of the box profile and can also lead to
buckling failure of the body.

During bending of the airfoil shaped body along its longi-
tudinal extension, one of the caps is compressed in its longi-
tudinal direction. When the compression exceeds a certain
limit, which is dependent on the thickness, the curvature, the
materials and the orientation of the materials of the cap in
question, the cap is forced out of its original shape, and a
buckling pattern is formed. If the flapwise load, and thereby
the compression load increases further, the airfoil shaped
body may suddenly collapse.
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In conventional wind turbine blades, the thickness of the
caps is typically increased to increase the strength of the caps
primarily against bending along the longitudinal extension of
the blade.

Failure of a blade is determined by several individual fac-
tors. However, one very important factor is the resistance of
the caps against buckling. If or when buckling occurs, the
curvature of the airfoil shaped blade’s cross-section may e.g.
transform as shown in FIGS. 3 and 4.

Further, in conventional wind turbine blades, ovalization
caused by the crushing pressure resulting from bending along
the longitudinal extension of the blade, induces a multi-axial
stress condition in the material, typically laminated material,
of'the airfoil shaped facing. This may lead to the formation of
interlaminar cracks, matrix cracking, de-lamination, skin
debonding, etc., of the material and consequently weaken the
construction more and more, each time the blade is loaded.
The interlaminar cracks also decrease the buckling resistance
of the caps and may consequently result in increased risk of
buckling failure of the blade.

Itis one of the objects of the present invention to provide an
airfoil shaped body with an increased strength against defor-
mation of the airfoil shape substantially without increasing
the weight of the body.

Thus, an airfoil shaped body is provided with a leading
edge and a trailing edge extending along the longitudinal
extension of the body and defining a profile chord ofthe body.
The profile chord is an imaginary surface that contains the
leading edge and the trailing edge of the airfoil shaped body
and extends therebetween along the longitudinal extension of
the airfoil shaped body. In cross-section, the profile chord is a
straight line connecting the leading and trailing edges of the
airfoil shaped body.

The airfoil shaped body comprises an airfoil shaped facing
that forms the outer surface of the airfoil shaped body and
defines an internal volume of the body. A distance member is
connected to the facing inside the body and extends from the
facing and into the internal volume of the body. Further, at
least one reinforcing member is mounted inside the airfoil
shaped body, and each of the at least one reinforcing member
extends transversal to the longitudinal direction or extension
of the airfoil shaped body and operates in tension for rein-
forcing the facing against inward deflections. Each of the at
least one reinforcing member is connected to the facing inside
the internal volume of the body at the same side of the profile
chord as the connection of the distance member to the facing.
Further, each of the at least one reinforcing member is con-
nected to the distance member at a distance from the facing.

The distance member must be capable of maintaining the
distance between the inner surface of the facing and the
connection of the at least one reinforcing member to the
distance member and need not carry any other loads.

The distance member may be made of any suitable material
and conveniently, the distance member is made of the same
material as the part of the facing connected to the distance
member, e.g. the cap, such as reinforced plastic, such as fibre
glass.

The distance member may extend along substantially the
entire extension of the airfoil shaped body.

The distance member may be connected to a single rein-
forcing member; or the distance member may be connected to
a plurality of reinforcing members.

A plurality of distance members may be provided in the
airfoil shaped body.

A plurality of distance members may be provided with a
mutual lateral distance between them.



US 9,416,768 B2

3

The airfoil shaped body may for example constitute a wind
turbine blade in a vertical axis wind turbine, such as a Dar-
rieus wind turbine, a wind star turbine, etc., or a wind turbine
blade in a horizontal axis wind turbine, such as common
modern wind turbines usually three-bladed, sometimes two-
bladed or even one-bladed (and counterbalanced), etc. The
airfoil shaped body may also constitute an acrofoil device or
a wing used in the aeronautical industry, such as a helicopter
blade, an airplane wing, etc.

The airfoil shaped body may operate not only in air flows,
but also in water flows, including rivers, creeks, tidal flow,
oceanic currents, wave motion, ocean wave surface currents,
etc.

The facing, e.g. formed by shells, of the airfoil shaped body
may comprise a composite, e.g. in the form of laminated
material, such as reinforced plastic. The material may com-
prise fibreglass and/or carbon fibres and/or other durable and
flexible materials, typically with a high strength/weight ratio.
The facing may also be made of wood, such as bamboo, birch,
plywood, etc, or another material based on plant fibres with
high cellulose content, such as bast fibres, such as flax, jute,
etc. These fibres may be used as reinforcement in a composite
material, such as a reinforced plastic. The material may fur-
ther comprise, at least in part, light weight metals or alloys.
The facing may also be made of a combination of the above
mentioned materials.

The facing may typically be of a laminate or sandwich-
construction.

Each reinforcing member is connected with at least two
connections inside the airfoil shaped body, i.e. with at least
one first connection to the airfoil shaped facing at a lateral
distance from the distance member, and with at least one
second connection to the distance member at a distance from
the airfoil shaped facing.

A force inwardly in the flapwise direction in the airfoil
shaped body, e.g. crushing pressure, proximate the first and
second connections, urges the airfoil shaped facing inwardly
towards the inner volume of the airfoil shaped body. Defor-
mation inwardly immediately leads to tension in the respec-
tive reinforcing member connected with the first and second
connections, and since the respective reinforcing member has
strength to provide resistance against tension, the respective
reinforcing member substantially prevents deformation by
inhibiting an increase of the distance between its first and
second connections.

Thus, each reinforcing member desirably has a high ten-
sional strength while each reinforcing member need not be
capable of resisting compression forces. Preferably, each
reinforcing member has a straight shape, such as the shape of
a stretched wire, a rod, a plate, etc. If the shape of the rein-
forcing member is not straight, the shape of the reinforcing
member could be straightened when subjected to tension
which would lead to an increase of the distance between its
first and second connections; and obviously, this is not
desired.

Since the reinforcing member is required to have a high
tensional strength only, i.e. the reinforcing member need not
carry other loads; the reinforcing member is preferably thin
so that its weight and cost can be kept at a minimum.

The thickness of the reinforcing member is preferably less
than 10 times the maximum thickness of the facing, more
preferred less than 5 times the maximum thickness of the
facing, still more preferred less than 2 times the maximum
thickness of the facing, yet more preferred less than 1.5 times
the maximum thickness of the facing, even more preferred
less than the maximum thickness of the facing, still more
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preferred less than 0.75 times the maximum thickness of the
facing, most preferred less than 0.5 times the maximum thick-
ness of the facing.

Preferably, each reinforcing member is pre-tensioned to a
desired level ensuring that each reinforcing member is fully
stretched and of a straight shape so that each reinforcing
member will immediately inhibit deformation of the facing.

Preferably, at least one of the reinforcing members is fur-
ther connected with at least one third connection to the airfoil
shaped facing at the opposite side of the distance member of
the at least one second connection and at the same side of the
profile chord as the at least one second connection. Hereby,
the distance member is loaded symmetrically during opera-
tion whereby the required strength of the distance member
and its connection to the airfoil shaped facing is lowered.

Preferably, the connection between the reinforcing mem-
ber and the distance member is located at a free end of the
distance member providing the largest distance between the
reinforcing member and the inner surface of the facing at the
distance member.

The second and possible third connections on the inner
surface of the airfoil shaped facing may in principle be posi-
tioned anywhere on the inner surface appropriate for rein-
forcement of the body.

The first, second, and third connections may comprise any
suitable kind of'joint, such as welded, glued, melted, fused or
other simple mechanical connections. Each reinforcing mem-
ber may be connected directly with the connections to the
airfoil shaped facing or the distance member; or, the reinforc-
ing member may comprise additional connections or connec-
tion parts configured to engage or cooperate with the connec-
tions to the inner surface of the airfoil shaped facing or the
distance member. The additional connections or connection
parts must be sufficiently rigid to maintain their shape when
subjected to tension in order to properly cooperate with the
reinforcing member to prevent an increase of the distance
between the first connections and respective second and third
connections.

The at least one reinforcing member cooperates with the
distance member to significantly increase the overall strength
of the airfoil shaped body since the resistance against oval-
ization and buckling is increased. Further, multi-axial stress
in the laminated material is reduced or eliminated so that the
resistance against formation of interlaminar cracks and
matrix cracking is also increased.

Hereby, the dimensions of the material(s) used for the
airfoil shaped facing may be significally reduced due to the
presence of the at least one reinforcing member as compared
to conventional airfoil shaped bodies of the same strength
without the at least one reinforcing member, so that the
weight is lowered, and the dynamic loads on possible other
parts of a unit with the airfoil shaped body is lowered, han-
dling and transportation characteristics of the airfoil shaped
body are improved, and material costs are reduced.

The airfoil shaped body may also comprise one or more
girders. Wind turbine blades with one or more girders are
well-known. A conventional girder has a longitudinal exten-
sion along the longitudinal extension of the blade and a trans-
verse extension substantially perpendicular to the profile
chord of the blade. The one or more conventional girders
primarily strengthen the blade along the longitudinal exten-
sion of the blade. A girder may also be referred to as a web.
The conventional girder or web may be constituted by any
type of elongate constructional member capable of taking up
loads, such as a beam or a spar, e.g. shaped as an I-profile,
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preferably made from fibre reinforced plastics or other suit-
able material. Typically, girders extend along substantially
the entire length of the blade.

A girder of the airfoil shaped body may be embedded in or
form part of the facing of the airfoil shaped body.

For example, at least one girder may be provided inside the
airfoil shaped body connected to an inner surface of the facing
of the airfoil shaped body to strengthen and reinforce the
airfoil shaped body primarily along its longitudinal exten-
sion. The girder or web is an elongate constructional element
capable of taking up loads, such as a beam or a spar, e.g.
shaped as an I-profile or an U-profile, preferably made of fibre
reinforced plastic or another suitable material. Each of the at
least one girder or web may extend along substantially the
entire length of the airfoil shaped body. However, the girder
may be divided along the longitudinal extension of the airfoil
shaped body into separate girders, e.g. for facilitating han-
dling or transportation.

The airfoil shaped body may comprise two girders. The
two girders together with the parts of the airfoil shaped facing
extending between the two girders form a so-called box pro-
file. In the following, the top and bottom of the box profile are
denoted the caps. Typically, the caps have an increased thick-
ness compared to the remaining parts of the facing.

The airfoil shaped body may comprise a box girder or a box
beam.

The box girder or box beam may be adapted to accommo-
date various types of equipment on the inner sides thereof,
e.g. measuring instrumentation, control mechanisms and/or
systems and servo motors for powering mechanisms on or
within the airfoil shaped body.

The sides of the at least one girder may vary in thickness
along its longitudinal or transverse extensions, or both exten-
sions, and the shape or the perimeter length of the cross-
section of the girder, or both, may also vary along its longi-
tudinal extension.

The cross-section of the box girder or box beam may have
any polygonal shape such as substantially rectangular,
square, triangular, etc., shape, or the cross-section may be
circular, oval, elliptical, etc. Preferably, the cross-section of
the box girder or box beam is rectangular or substantially
square.

The distance member may be connected to the facing at one
of'the caps, preferably at or near a central longitudinal axis of
the respective cap. Preferably, the distance member is con-
nected to an inner surface of a cap with a large radius of
curvature, such as a substantially planar cap. Correspond-
ingly, each of; or at least one of, the at least one reinforcing
member may be connected to the inner surface of the airfoil
shaped body at or near one of the caps, and preferably at or
near an edge of one of the caps, e.g. of a box profile. For
example, each of, or at least one of, the at least one reinforcing
member may be connected to the cap together with the
respective girder.

The connection of a reinforcing member to—or near
to—one of the caps, inhibits ovalization and buckling of the
respective cap.

The at least one reinforcing member may have the shape of
a bar or a rod and may have any suitable cross-section, for
example a substantially round or polygonal cross-section,
such as substantially rectangular, square, triangular, circular,
oval, elliptical, etc.; however, the cross-section is preferably
rectangular and flat. The reinforcing member may be solid or
hollow or any suitable combination thereof. Alternatively, the
reinforcing member may comprise wire, rope, cord, thread or
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6

fibres. They may be applied individually or may be applied as
anumber of individual elements together forming a “thicker”
member.

The reinforcing member may be made of any suitable
material. Fibre reinforced plastic is presently preferred.

The reinforcing member may comprise fibres of very high
stiffness and strength such as, glass fibres, carbon fibres,
aramid fibres, polyethylene fibres, PBO fibres (polypheylene
benzobisoxqazole), etc.

The reinforcing member may also be made of wood, such
as bamboo, birch, plywood, etc, or another material based on
plant fibres with high cellulose content, such as bast fibres,
such as flax, jute, etc. These fibres may be used as reinforce-
ment in a composite material, such as a reinforced plastic, or
may be used in the form of wires or rods.

The reinforcing member may also be made of steel, light
metal alloys, etc.

The reinforcing member may further be made of a combi-
nation of the above mentioned materials.

The reinforcing member may for example be made of a
shrinkable material, e.g. a shrinkable plastic material, so that
the reinforcing member may be pre-tensioned, e.g. by heating
of'the member, when mounted in its intended position within
the airfoil shaped body.

A reinforcing member with a longitudinal extension
between its first and second connections, such as a reinforcing
member having the shape of a rod, preferably extends along
the edgewise direction of the airfoil shaped body substantially
perpendicular to the longitudinal direction or extension of the
airfoil shaped body; however, the longitudinal extension of
the reinforcing member may form a different angle with the
longitudinal extension of the airfoil shaped body, e.g. for ease
of manufacture, for compensating torsional deflections dur-
ing operation, etc.

The atleast one reinforcing member may have parts shaped
as a plate. The plate shaped part of the reinforcing member
may be solid or hollow or any suitable combination thereof.

The plate shaped material may comprise any of metal,
metal alloy, wood, plywood, veneer, glass fibre, carbon fibre
and other suitable materials such as e.g. one or more compos-
ite materials. The plate shaped part of the reinforcing member
may further be provided as a netting or a web comprising one
or more wires, ropes, cords, threads or fibres. The plate
shaped part of the reinforcing member may comprise a textile
or a fabric material. The fabric material may be manufactured
from materials such as, but not limited to, carbon fibres, or
aramid fibres, or glass fibres, etc., thus providing a high
strength and a low weight.

The mentioned materials may also be combined to any
construction. Thus, the at least one reinforcing member may
be a laminate or a sandwich construction.

The plate shaped part of the reinforcing member may com-
prise one or more cut-outs. The cut-outs may be made in any
suitable kind of pattern. The cut-outs decrease material cost
and weight. Furthermore, the cut-outs may provide passage
for any additional wiring or other equipment and also reduce
the overall weight.

The at least one reinforcing member and the distance mem-
ber may be fixedly interconnected. The interconnection may
comprise any suitable kind of joint such as welded, glued,
melted or fused connections as previously described.

The at least one reinforcing member and the distance mem-
ber may be releasably interconnected. The releasable inter-
connection may comprise any suitable kind of joint such as a
snap-fit, press-fit, groove-and-tongue connection or other
simple mechanical connection. A releasable interconnection
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may be used to provide an airfoil shaped body with an
increased degree of flexibility.

A volume defined between the at least one reinforcing
member and an inner surface of the airfoil shaped facing may
atleast partly be filled with a filler material. The filler material
may comprise one or more substances. The substances may
have different physical, chemical or mechanical properties
and may be mixed so as to provide one or more specific
characteristics such as insulating power, stiffness, low
weight, high or low conductivity etc. For example, expansion
of'the filler material may provide pre-tensioning of respective
reinforcing member(s). Such filler material may comprise
foam made of a mixture of polyurethane and isocyanate that
expands upon mixing.

Preferably, the filler material may be a foamed material
characterised by e.g. low weight and convenient working
properties for forming a suitable surface that is easily further
processed e.g. by further laminating with fibres or fibre tapes.
Particularly, the foamed material may comprise a PVC or
PVC-based material particularly capable of absorbing pres-
sure forces. Particularly, the foamed material may be pro-
vided as a prefabricated and/or pre-shaped element with a first
surface substantially corresponding to the curvature of the
airfoil shaped facing along the inner surface thereof, and a
second surface being substantially plane or flat. The second
surface of the pre-shaped foamed element may then form an
even and aligned basis for a plate shaped part of the reinforc-
ing member. The provision of a pre-shaped foamed element
can be especially advantageous since the foamed element
then may act as a mould or form for the positioning of the
reinforcing member and for the overall construction of the
relevant part. This means that the need for a custom-made
mould, e.g. of glass fibre for constructing the relevant part can
be eliminated, thus reducing manufacturing costs of the rel-
evant part.

The filler material, e.g. a foamed element, e.g. a pre-shaped
foamed element, may constitute the distance member.

The filler material may also or instead comprise a fluid or
gaseous material being e.g. injected, sprayed or blow moul-
ded into the space. The fluid or gaseous material may be of a
kind that hardens when e.g. exposed to air. In embodiments
comprising a fluid or gaseous filler material relevant means
may be provided in connection with e.g. the reinforcing mem-
ber for retaining such material.

At least one of the caps, preferably the cap with the largest
radius of curvature in a transversal cross-section of the body,
may be manufactured as a separate cap part. The separate cap
part may be manufactured in an individual manufacturing
process and then provided for connection in the airfoil shaped
body. The outer surface of the separate cap part is substan-
tially aligned with the facing such that the outer surface of the
airfoil shaped body has a smooth airfoil shaped surface when
assembled.

The separate cap part may form a single member extending
substantially along the length of the airfoil shaped body, or it
may be divided into shorter sections facilitating easier han-
dling and assembly.

A plurality of reinforcing members or the material of a
single reinforcing member may be arranged in such manner
that during flapwise loading of the airfoil shaped body; the
plurality of reinforcing members, or the material, is taking up
shear forces in the surface of the airfoil shaped body. The
shear forces will twist the airfoil shaped body, and thereby
couple bending and torsion of the airfoil shaped body. This
effect may preferably, but not exclusively, be achieved by
arranging the plurality of reinforcing members at angles of
less than 90° in relation to the longitudinal extension of the
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airfoil shaped body. If a plate of fibre reinforced materials or
a textile is used, the fibre directions must be less than 90°, but
more than 0° in relation to the longitudinal axis of the airfoil
shaped body.

The coupling of the bending and the torsion can be used to
change the angle of attack of the airfoil shaped body during
wind gust or similar extreme aerodynamic conditions. The
unloading of the airfoil shaped body will decrease the maxi-
mal stresses in the airfoil shaped body and thereby decrease
the weight.

The coupling of the bending and the torsion may also
optimize the power output from the airfoil shaped body.

At least one reinforcing member may be equipped with, or
may consist of, active piezoelectric installations, etc., that
may be activated by means of voltage, current, electric or
magnetic field, whereby the length of the reinforcing member
changes and/or stresses are imposed on the member. By this it
is possible to change the curvature of the profile’s surface and
thereby change the aerodynamic properties ofthe profile. The
reinforcing member(s) may be equipped with or may consist
of passive installations, such as dampers, for further suppres-
sion of deformation and oscillation of the airfoil shaped body.
With these installations it is possible to optimize the perfor-
mance of the airfoil shaped body.

The airfoil shaped body may further comprise one or more
connectors for connecting the airfoil shaped body with
another construction. For example, when the airfoil shaped
body is a wind turbine blade, the blade is connected to the hub
of the wind turbine.

The airfoil shaped body may further comprise other inter-
nal or external equipment suitable for use in the relevant
structure they become a part of.

The airfoil shaped body may also constitute a part of a
load-bearing construction, such as the tower of a wind tur-
bine.

Further, a method for manufacturing an airfoil shaped body
with at least one reinforcing member is provided, comprising
the steps of

(a) providing at least a part of an airfoil shaped facing of the
airfoil shaped body,

(b) providing a distance member,

(c) connecting the distance member to an internal surface
of'the facing,

(d) providing one reinforcing member,

(e) connecting the reinforcing member with at least one
first connection to the distance member at a distance from the
facing and with at least one second connection to the internal
surface of the facing at a distance from the distance member
and at the same side of the profile chord as the connection of
the distance member to the facing.

The method may further comprise the step of

(D) pre-tensioning the reinforcing member with a desired
amount of tension.

Preferably, steps (d) and (e) and possibly (f) are repeated
for a plurality of reinforcing members.

The method may further comprise the step of

(g) connecting at least one of the reinforcing members to
the facing with at least one third connection at the opposite
side of the distance member with relation to the at least one
second connection and on the same side of the profile chord as
the connection of the distance member to the facing.

The method may further comprise the step of

(h) providing a filler material in a space between the rein-
forcing member and the inner surface of the airfoil shaped
facing.
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The method may further comprise the steps of providing at
least one girder and connecting the girder to the internal
surface of the facing.

The method may preferably comprise building up layers of
one or more types of fibre materials.

The girders and connections between the girders and the
facing may be one or more of those already mentioned. The
same applies for the provided one or more reinforcing mem-
bers and their connections to the inner surface of the airfoil
shaped facing.

Particularly, but not exclusively, each of the at least one
reinforcing member, or at least some of the at least one rein-
forcing member, may be connected to, or close to, the inner
surface of one of the caps of the airfoil shaped body.

The space between the inner surface of the facing, e.g. the
inner surface of one of the caps, and the at least one reinforc-
ing member may advantageously be at least partly filled with
a filler material. The filler material may preferably be a sub-
stantially solid material such as a foamed material. Such
foamed material may preferably be shaped beforehand to fit
in the space between the reinforcing member and the inner
surface as already described. The filler material may then
provide a solid basis for the at least one reinforcing member
and also provide an improved stiffness, e.g. of the cap part.

The filler material may be provided in the space before the
connection of the at least one reinforcing member or vice
versa.

The provision of a reinforcing member may preferably be
performed as part of the manufacturing process of the airfoil
shaped body. However, a subsequent fitting may also be per-
formed.

Particularly, if the at least one reinforcing member is pro-
vided as part of a separate cap, a subsequent fitting of the cap
comprising the at least one reinforcing member with the
facing and possible girders in a separate step of assembly is
preferred. This may not only save production time, but also
allow for improved quality control of the material character-
istics of the separate cap and facilitate pre-tensioning of the at
least one reinforcing member to a desired level.

Furthermore, the airfoil shaped body may be manufactured
in sections and assembled on site if suitable. It will also be
possible to renew or replace cap parts on existing airfoil
shaped bodies.

Below, the invention will be described in more detail with
reference to the exemplary embodiments illustrated in the
drawings, wherein

FIG. 1 is a schematic view of a cross-section of an airfoil
shaped body indicating the crushing pressure on the airfoil
shaped body from the bending moment acting on the airfoil
shaped body in operation,

FIG. 2 is a schematic view of part of the cross-section of an
airfoil shaped body forming the box profile and indicating the
potential deformation (ovalization) caused by the crushing
pressure (deformed state shown as dotted lines),

FIG. 3 is a schematic perspective view of the box profile
indicating three cross-sections shown in FIG. 4 and further
indicating a buckling line in the longitudinal direction of the
box profile (dashed line),

FIG. 41s a schematic cross-sectional view of the box profile
showing the three different cross-sections of the box profile
indicated in FIG. 3,

FIG. 5 is aschematic view of part of a cross-section of a cap
part of the box profile showing in principle multi-axial ten-
sion and compression and crack formation caused by, e.g.,
crushing pressure,

FIG. 6 is an enlarged schematic cross-section of a facing
and girder of an airfoil shaped body,
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FIG. 7 shows in perspective an airfoil shaped body with a
single girder indicated by dashed lines and the position E is
indicated of the part of the airfoil shaped body shown in detail
in FIG. 8,

FIG. 8 shows in perspective a part of the airfoil shaped
body of FIG. 7 indicated at E,

FIG. 9 shows in perspective an airfoil shaped body with
two girders indicated by dashed lines and the position F is
indicated of the part of the airfoil shaped body shown in detail
in FIG. 10,

FIG. 10 shows in perspective a part of the airfoil shaped
body of FIG. 9 indicated at F,

FIG. 11 is a schematic cross-section showing an airfoil
shaped body with a reinforcing member connected to girders,

FIG. 12 shows in perspective a part of an airfoil shaped
body with a plurality of reinforcing members,

FIG. 13 shows in cross-section an airfoil shaped body with
a reinforcing member integrated with a distance member and
connected to the inner surface of the facing,

FIG. 14 shows in cross-section an airfoil shaped body with
a reinforcing member in combination with a girder and con-
nected to an inner surface of the facing,

FIG. 15 shows in cross-section an airfoil shaped body with
a reinforcing member connected to two girders and the inner
surface of the facing and two expansion members for pre-
tensioning,

FIG. 16 shows in cross-section a box profile with two
reinforcing members, each of which is connected to a dis-
tance member and the inner surface of the facing,

FIG. 17 shows in cross-section an airfoil shaped body with
a reinforcing member integrated with the respective cap and
connected to two girders and the inner surface of the facing,

FIG. 18 shows in cross-section an airfoil shaped body with
a reinforcing member integrated with the distance member
and connected to the inner surface of the facing via two
girders,

FIG. 19 shows in cross-section an airfoil shaped body with
a reinforcing member integrated with the distance member
and connected to the inner surface of the facing via two
girders,

FIG. 20 shows in cross-section an airfoil shaped body with
areinforcing member supported by a movable distance mem-
ber and connected to two girders and the inner surface of the
facing,

FIG. 21 is a schematic top view of a reinforcing member
with a plate part or a laminate part provided with cut-outs,

FIG. 22 shows in perspective an airfoil shaped body with a
reinforcing member with plate-shaped parts extending along
the longitudinal extension of the airfoil shaped body,

FIG. 23 shows in perspective a separate reinforced cap part,

FIG. 24 shows in perspective the separate cap part of FIG.
23 mounted in the airfoil shaped body,

FIG. 25 shows in perspective a separate reinforced cap part
with a plurality of reinforcing members formed by a wire
wound around the cap part and the distance member,

FIG. 26 shows in perspective an airfoil shaped body with a
reinforcing member and two distance members,

FIG. 27 shows in perspective another airfoil shaped body
with a reinforcing member and two distance members,

FIG. 28 shows in perspective an airfoil shaped body in the
form of a wind turbine blade,

FIG. 29 shows in perspective and in more detail a part of the
wind turbine blade of FIG. 28,

FIG. 30 shows a wind turbine blade similar to the wind
turbine blade of FIGS. 28 and 29; however with a different
arrangement of reinforcing members, and
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FIG. 31 shows in perspective an airfoil shaped body with a
reinforcing member arranged for reinforcing a flat trailing
part of the suction side of the facing.

The airfoil shaped body with at least one reinforcing mem-
ber will now be described more fully hereinafter with refer-
ence to the accompanying drawings, in which various
examples are shown. The accompanying drawings are sche-
matic and simplified for clarity, and they merely show details
which are essential to the understanding of the invention,
while other details have been left out. The invention may be
embodied in different forms not shown in the accompanying
drawings and should not be construed as limited to the
examples set forth herein. Rather, these examples are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

FIG. 1 shows a cross-section of a conventional airfoil
shaped body 1 having a facing 2 with a leading edge 3 and a
trailing edge 4. Also indicated are the box profile 5 and the cap
parts 6 thereof. The cap parts 6 constitute the top and bottom
parts of the box profile 5. A dashed line indicates the profile
chord 7. An airfoil-shaped body 1 moved through a fluid
substantially along the profile chord 7 with the leading edge 3
in front generates a force called lift substantially in the flap-
wise direction, substantially perpendicular to the profile
chord 7. The direction of lift is upward in FIG. 1. The side of
the airfoil shaped body 1 facing in the opposite direction of
the lift is denoted the pressure side of the body 1, the under-
side of the body in FIG. 1, and the side of the airfoil shaped
body 1 facing in the direction of the lift is denoted the suction
side of the body 1, the top side of the body in FIG. 1. As
previously described, the airfoil shaped body is primarily
loaded in the flapwise direction by aerodynamic and inertia
forces. The flapwise direction is illustrated by arrows A in
FIG. 1. The forces cause the airfoil shaped body 1 to bend
along its longitudinal extension and create a crushing pres-
sure indicated by arrows B. Apart from possible differences in
size, the cross-section illustrated in FIG. 1 is similar at any
position along the longitudinal extension of the airfoil shaped
body between a tip part and a root part of the airfoil shaped
body.

FIG. 2 shows a part of a cross-section of the box profile 5
indicating an example of the deformation of the box profile 5
with character of an ovalization caused by the bending of the
airfoil shaped body. In FIG. 2, an unloaded shape of the box
profile 5 is indicated with solid line 5a, and a loaded or
ovalized (flattened) shape is indicated by dashed line 54.
Directions of possible further deformation of the box profile
5 by increased load are indicated by arrows C.

FIG. 3 shows in perspective a part of the box profile 5
together with indication of three positions of cross-sections
5¢, 5d, 5e that are illustrated for comparison in FIG. 4. A
buckling pattern of the box profile 5 is also illustrated by
dotted, undulated curved line L. Buckling causes the shape of
the cross-section of the box profile 5 to vary along the longi-
tudinal extension of the box profile 5.

FIG. 4 shows the cross-sections 3¢, 5d, Se indicated in FIG.
3, illustrating possible variations along the longitudinal
extension of the box profile of the shape of cross-sections of
the box profile 5. Cross-sections 5d and Se are cross-sections
of a loaded or ovalized box profile. Cross-section 5¢ is an
unloaded cross-section of the box profile 5. FIG. 4 illustrates
how the forces applied to the box profile cause its cross-
sectional shape to vary dynamically during operation of the
airfoil shaped body and thus, leading to fatiguing of the
profile.
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FIG. 5 shows in more detail a cap part 6 of the box profile
in cross-section. Arrows D indicate multi-axial stress in the
laminate material of the cap part 6 as a result of the deforma-
tion, e.g. ovalization, caused by bending of the airfoil shaped
body. Also indicated are examples of interlaminar cracks 8 in
the facing 2 that are potentially created by the multi-axial
stress, e.g. alternating tension and compression, in the lami-
nate. The multi-axial stress may result in delamination,
intralaminar matrix cracking, matrix debonding, etc.

FIG. 6 shows in more detail and in cross-section, an
example of the facing 2 and the box profile 5 and their inter-
connection. As illustrated, the facing 2 may be made of a
laminate 9 of fibre glass. The cap part 6 of the box profile 5
further comprises layers 10 of the same material as the facing
or another material, such as a material reinforced with carbon
fibres. The layers 9 of fibre glass and layers 10 of carbon fibres
are bonded together with layers 11 of a bonding material,
such as glue.

FIG. 7 schematically illustrates in perspective an airfoil
shaped body 1 in the form of a wind turbine blade 1 with an
airfoil shaped facing 2 that forms the outer surface of the
airfoils shaped body 1 and surrounds an internal volume of
the body 1, and having a leading edge 3 and a trailing edge 4
extending along the longitudinal extension of the body 1 from
its tip 12 to its root 13. The body 1 has a single internal girder
14 indicated by dashed lines. E indicates the position of the
part of the airfoil shaped body 1 illustrated in further detail in
FIG. 8. E may be positioned anywhere along the longitudinal
extension of the airfoil shaped body 1 between the tip 12 and
the root 13 of the body 1 and result in the same FIG. 8 apart
from size differences due to the tapering of the wind turbine
blade 1 from the root 13 towards the tip 12.

FIG. 8 illustrates in more detail a part of the airfoil shaped
body 1 shown in FIG. 7. The illustrated part of the airfoil
shaped body 1 is positioned at E in FIG. 7. The illustrated
airfoil shaped body 1 has a glass fibre facing 2 that encloses an
internal volume of the body 1. A girder 14 reinforces the
facing 2 and has a substantially planar shape and extends
substantially along the entire longitudinal extension of the
airfoil shaped body 1 and between an upper part and, in
relation to the profile chord, an opposite lower part of the
facing 2 substantially in the flapwise direction of the airfoil
shaped body 1.

FIG. 9 schematically illustrates in perspective an airfoil
shaped body 1 in the form of a wind turbine blade 1 with an
airfoil shaped facing 2 that forms the outer surface of the
airfoils shaped body 1 and surrounds an internal volume of
the body 1, and having a leading edge 3 and a trailing edge 4
extending along the longitudinal extension of the body 1 from
its tip 12 to its root 13. The body 1 has a box profile 5 indicated
by dashed lines. F indicates the position of the part of the
airfoil shaped body 1 illustrated in further detail in FIG.10. F
may be positioned anywhere along the longitudinal extension
of'the airfoil shaped body 1 between the tip 12 and the root 13
of the body 1 and result in the same FIG. 10 apart from size
differences due to the tapering of the wind turbine blade 1
from the root 13 towards the tip 12.

FIG. 10 illustrates in more detail a part of the airfoil shaped
body 1 shown in FIG. 9. The illustrated part of the airfoil
shaped body 1 is positioned at F in FIG. 9. The illustrated
airfoil shaped body 1 has a glass fibre facing 2 that encloses an
internal volume ofthe body 1. A box profile 5 with two girders
14 and two cap parts 6 reinforces the facing 2. The box profile
5 has a substantially rectangular shape and extends substan-
tially along the entire longitudinal extension of the airfoil
shaped body 1 and between an upper part and, in relation to
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the profile chord, an opposite lower part of the facing 2
substantially in the flapwise direction of the airfoil shaped
body 1.

FIG. 11 schematically shows a cross-section of a box pro-
file 5 of an airfoil shaped body 1 similar to the airfoil shaped
body shown in FIGS. 9 and 10; but also having a reinforcing
member 20 and a distance member 22. The box profile 5
comprises two girders 14 extending inside the airfoil shaped
body 1 and along the longitudinal extension of the airfoil
shaped body 1 and with a mutual transversal distance perpen-
dicular to the longitudinal direction or extension of the airfoil
shaped body 1. The girders 14 have flanges 26 for connection
to an inner surface of the facing 2.

In FIG. 11, the leading edge of the airfoil shaped body is to
the right and the trailing edge is to the left. The illustrated cap
part 6 of the facing 2 and of the box profile 5 resides on the
suction side of the airfoil shaped body, and it has a large radius
of curvature and is almost planar. In order to reinforce the flat
cap part 6, primarily against crushing pressure, a distance
member 22 is mounted inside the airfoil shaped body 1
between the two girders 14. The distance member 22 has a
flange that rests, preferably bonded, against the cap part 6 of
the facing 2 and extends from the cap 6 into the internal
volume of the airfoil shaped body 1. A reinforcing member 20
is also mounted inside the airfoil shaped body 1 so that it
extends transversal to the longitudinal extension of the airfoil
shaped body 1 and operates in tension for reinforcing the
facing 2 against inward deflections. As shown in FIG. 11, the
reinforcing member 20 is connected to the facing 2 at firstand
third connections 24 at or near the edges of the cap 6 and rests
against the distance member 22 at a distance from the cap 6
forming the second connection. An inward deflection of the
cap 6 would increase the distance between the reinforcing
member 20 at the distance member 22 and each of the con-
nections 24; however the reinforcing member 20 has a high
tensile strength and therefore inhibits such an increase and
thereby increases the strength of the facing against crushing
pressure. In the illustrated example, the reinforcing member
20 is connected to the facing 2 via the girders 14, each of
which has flange 26 that is bonded to the inner surface of the
cap part 6 of the facing 2.

The reinforcing member 20 may be constituted by any type
of constructional member capable of taking up loads.

Between the distance member 22 and the facing 2, the
reinforcing member 20 may have the shape of a rod, a plate,
atube, etc., and may be capable of resisting both compression
forces and tensional forces.

Since, the reinforcing element 20 need not be capable of
resisting compression forces, the reinforcing member 20 may
be a wire, a rope, a thread, a fibre, or a web of fabric, etc.

The reinforcing member 20 may have any suitable cross-
section, for example a substantially round or polygonal cross-
section, such as substantially rectangular, square, triangular,
circular, oval, elliptical, etc, preferably rectangular and flat.

The reinforcing member 20 may be made of any suitable
material. Fibre reinforced plastic is presently preferred.

The reinforcing member 20 may comprise fibres of very
high stiffness and strength such as, glass fibres, carbon fibres,
aramid fibres, polyethylene fibres, PBO fibres (polypheylene
benzobisoxqazole), etc.

The reinforcing member 20 may also be made of wood,
such as bamboo, birch, plywood, etc, or another material
based on plant fibres with high cellulose content, such as bast
fibres, such as flax, jute, etc. These fibres may be used as
reinforcement in a composite material, such as a reinforced
plastic, or may be used in the form of wires or rods. The
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reinforcing member 20 may also be made of a combination of
the above mentioned materials.

The reinforcing member 20 may also be made of'steel, light
metal alloys, etc.

The reinforcing member 20 is required to have a high
tensional strength only; preferably, the reinforcing member
20 need not carry other loads so that the reinforcing member
may be thin whereby its weight and cost are kept at a mini-
mum. The thickness of the reinforcing member is preferably
less than 10 times the maximum thickness of the facing 2,
more preferred less than 5 times the maximum thickness of
the facing 2, still more preferred less than 2 times the maxi-
mum thickness of the facing 2, yet more preferred less than
the maximum thickness of the facing 2, still more preferred
less than 0.75 times the maximum thickness of the facing 2,
even more preferred less than half the maximum thickness of
the facing 2.

The reinforcing member 20 is connected to the girders 14
with connections 24 proximate respective connections 28 of
the girders 14 to the facing 2.

The connections 24, 28 may comprise any suitable kind of
joint such as welded, glued, melted, fused or other simple
mechanical connections, e.g. bolted connections. The coop-
erating connections 24, 28 and interconnecting parts must be
sufficiently rigid to maintain their shape when subjected to
tension in order to properly cooperate with the reinforcing
member 20 to prevent the connections 28 on the facing 2 from
being displaced in relation to each other and the interconnec-
tion of the distance member 22 and the reinforcing member
20.

The connections 24 may be releasable connections that
may comprise any suitable kind of joint, such as a snap-fit,
press-fit, groove-and-tongue connection or other simple
mechanical connection, bolted connections as shown in FIG.
11. A releasable interconnection may be used to provide an
aerofoil shaped body with an increased degree of flexibility.

The reinforcing member 20 secures and keeps the shape of
the shell substantially unchanged when the acrodynamic pro-
file is loaded by forces in the edgewise and flapwise direction.
Thus, the overall strength of the airfoil shaped body 1 is
increased significantly, including the resistance against
crushing pressure and buckling.

With inclusion of the reinforcing member 20 inside the
airfoil shaped body 1, the dimensions of materials used for the
facing 2 may further be significantly reduced compared to
conventional airfoil shaped bodies and thus, facilitates lower
dynamic loads on other parts of a system with the airfoil
shaped body, improved handling and transportation charac-
teristics of the airfoil shaped body 1, and a reduction of
material costs.

The reinforcing member 20 improves the aerodynamic
efficiency of the airfoil shaped body 1 since the designed
shape of the airfoil shaped body 1 is maintained to a higher
degree than for a conventional airfoil shaped body.

The reinforcing member 20 may extend along substantially
the entire longitudinal extension of the airfoil shaped body 1,
or a major part of the entire longitudinal extension of the
airfoil shaped body 1; or, as illustrated in FIG. 12 in which
part of the facing 2 has been cut away for illustration pur-
poses, two or more reinforcing members 20 may be posi-
tioned in spaced relationship along at least a part of the
longitudinal extension of the airfoil shaped body 1. The dis-
tance between neighbouring reinforcing members 20 may
preferably be less than 20xD, more preferred less than 10xD,
most preferred less than 5xD, wherein D is the lateral or
edgewise distance between the distance member and one of
the connections of the reinforcing member 20 to the facing 2.
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The value of parameter D may be identical for two or more
neighbouring reinforcing members.

However, since the width of the cross-section of the airfoil
shaped body 1 typically decreases towards the tip of the
airfoil shaped body 1, the distance D2 of a reinforcing mem-
ber located closer to the tip will be smaller than the distance
D1 of a reinforcing member located closer to the root of the
airfoil shaped body 1. The resulting maximum distance
between two neighbouring reinforcing members 20 may pref-
erably be calculated based on the minimum of the two dis-
tances, i.e. distance D2, or based on the mean value of D1 and
D2. It has been found that values of the resulting distance D
fulfilling this relationship, there is a good balance between the
reinforcing members’ ability to take up the shear forces, the
total weight of the airfoil shaped body 1 and the stiffness of
the airfoil shaped body 1. However, the maximum distance
between two reinforcing members 20 may in stead be based
on other requirements, such as, but not limited to, a need for
aparticularly strong airfoil shaped body design, e.g. when the
airfoil shaped body 1 is intended to be subjected to repeatedly
severe weather conditions, such as when erected at open sea
as a part of an offshore wind turbine.

The reinforcing members 20 may be positioned in certain
sections of the airfoil shaped body 1 only, possibly without
any predetermined or calculated maximum distance. Particu-
larly, but not exclusively, the reinforcing members 20 may be
located at positions wherein a substantial deformation of the
cap 6 is expected or established.

The reinforcing members 20 may be equipped with or may
consist of active piezoelectric installations, etc., that may be
activated by means of voltage, current, electric or magnetic
field, whereby the length of the reinforcing member changes
and/or stresses are imposed on the member. By this it is
possible to change the curvature of the profile’s surface and
thereby change the aerodynamic properties of the profile. The
reinforcing member(s) may be equipped with or may consist
of passive installations, such as dampers, for further suppres-
sion of deformation and oscillation of the airfoil shaped body
1. With these installations it is possible to optimize the per-
formance of the airfoil shaped body 1.

A space 30 between the reinforcing member 20 and the
facing 2 may be partly or substantially completely filled with
a filler material.

Preferably, each reinforcing member 20 is pre-tensioned to
a desired level ensuring that each reinforcing member 20 is
fully stretched and of a straight shape so that each reinforcing
member 20 will immediately resist deformation of the facing
2.

The position of the cross-section shown in FIG. 11 may be
anywhere along the longitudinal extension of the airfoil
shaped body 1, provided that a reinforcing member 20 is
present at the chosen position. The sizes of elements shown in
the cross-section may vary as a function of the longitudinal
position of the cross-section. For example, a wind turbine
blade typically tapers from the root of the blade towards the
tip of the blade. Thus, the size of the cross-section decreases
with decreased distance to the tip.

FIG. 13 schematically shows a cross-section of an airfoil
shaped body 1 similar to the cross-section of FIG. 11, but in
FIG. 12, the airfoil shaped body 1 has no girders and the
reinforcing member 20 and the distance member 22 have
been integrated into a single mechanical unit. The reinforcing
member 20 has flanges bonded to the inner surface of the
facing 2 at or near the respective edges of the cap part 6 of the
facing 2. The distance member 22 also has a flange for abut-
ment with the inner surface of the cap part 6 of the facing 2
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that need not, but may, be bonded to the inner surface of the
facing 2. Apart from this, the description of FIGS. 11 and 12
is also valid for FIG. 13.

FIG. 14 schematically shows a cross-section of an airfoil
shaped body 1 similar to the cross-section of FIG. 11, but in
FIG. 14, the airfoil shaped body 1 has a single girder 14 that
also constitutes the distance member 22. The reinforcing
member 20 is glued to the inner surface of the facing 2 at or
near the respective edges of the cap part 6 of the facing 2. The
girder 14 also constituting the distance member 22 has a
flange that is bonded to the inner surface of the facing 2. The
reinforcing member 20 is not fastened to the single girder 14.
Instead, the girder 14 is provided with an opening or aperture
32, and the reinforcing member 20 extends through the open-
ing 32 and rests against the girder 14 inside the opening 32.
Apart from this, the description of FIGS. 11 and 12 is also
valid for FIG. 14.

FIG. 15 schematically shows a cross-section of an airfoil
shaped body 1 similar to the cross-section of FIG. 11, but in
FIG. 15, the reinforcing member 20 and the girders 14 have
common connections 24, 28 with the inner surface of the
facing 2 at or near the respective edges of the cap part 6 of the
facing 2, the facing 2 and the reinforcing member 20 and the
girders 14 are bonded together at respective connections 24.
Further, two similar expansion members 29 are positioned on
opposite sides of the distance member 22 between the cap part
6 and the reinforcing member 20, each of which extends
together with the reinforcing member 20 along the longitu-
dinal extension of the airfoil shaped body and are filled with
a filler material that expands for pre-tensioning of the rein-
forcing member 20. The filler material may for example com-
prise foam made of a mixture of polyurethane and isocyanate
that expands upon mixing. Apart from this, the description of
FIGS. 11 and 12 is also valid for FIG. 15.

FIG. 16 schematically shows a cross-section of a box pro-
file 5 of an airfoil shaped body 1 with two reinforcing mem-
bers 20, each of which is connected at one end to a respective
distance member 22. The distance members 22 abut each
other and are glued together back to back. Further, each of the
reinforcing members 20 has a flange at the opposite end for
connection to the inner surface of the cap part 6 of the box
profile 5 by bonding. The girders 14 of the box profile 15 are
of' sandwich construction that are laminated to the cap part 6.
Apart from this, the description of FIGS. 11 and 12 is also
valid for FIG. 16.

FIG. 17 schematically shows a cross-section of an airfoil
shaped body 1 similar to the cross-section of FIG. 11, but in
FIG. 17, the reinforcing member 20 and the girders 14 have
common connections 24, 28 with the inner surface of the
facing 2 at or near the respective edges of the cap part 6 of the
facing 2, the facing 2 and the reinforcing member 20 and the
girders 14 are bonded together at respective connections 24.
Apart from this, the description of FIGS. 11 and 12 is also
valid for FIG. 17.

FIG. 18 schematically shows a cross-section of an airfoil
shaped body 1 similar to the cross-section of FIG. 11, but in
FIG. 18, the distance member 22 and the reinforcing member
20 have been integrated into a single mechanical unit. Further,
the mechanical connections of the reinforcing member 20 to
the girders 14 have been substituted with glued connections
24 proximate respective connections 28 of the girders 14 to
the facing 2. The distance member 22 has a flange for abut-
ment with the inner surface of the cap part 6 of the facing 2
that need not, but may, be bonded to the inner surface of the
facing 2. Apart from this, the description of FIGS. 11 and 12
is also valid for FIG. 18.
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FIG. 19 schematically shows a cross-section of an airfoil
shaped body 1 similar to the cross-section of FIG. 11, but in
FIG. 19, the distance member 22 and the reinforcing member
20 have been integrated into a single mechanical unit. Further,
the mechanical connections of the reinforcing member 20 to
the girders 14 have been substituted with bonded connections
24 proximate respective connections 28 of the girders 14 to
the facing 2. The distance member 22 has a flange for abut-
ment with the inner surface of the cap part 6 of the facing 2
that need not, but may, be bonded to the inner surface of the
facing 2. Apart from this, the description of FIGS. 11 and 12
is also valid for FIG. 19.

FIG. 20 schematically shows a cross-section of an airfoil
shaped body 1 similar to the cross-section of FIG. 11, but in
FIG. 20, the distance member 22 is a cylindrical tube that is
neither fastened to the inner surface of the facing 2 nor to the
reinforcing member 20 so that the distance member can move
or roll on the inner surface of the facing 2 in response to
forces, such as crushing pressure, thereby minimizing defor-
mation of the distance member 22 itself. The distance mem-
ber 22 extends together with the reinforcing member 20 along
the longitudinal extension of the airfoil shaped body, i.e. the
number of distance members 22 preferably equals the number
of reinforcing members 20; however, the number of distance
members 22 may be fewer than the number of reinforcing
members 20 so that each distance member 22 abuts a plurality
of reinforcing members 20. Further, the mechanical connec-
tions ofthe reinforcing member 20 to the girders 14 have been
substituted with bonded connections 24 to the facing 2 and
bonded connections 28 to the girders 14. Apart from this, the
description of FIGS. 11 and 12 is also valid for FIG. 20.

FIG. 21 isa schematic top view of a plate-shaped part of the
reinforcing member 20 further comprising cut-outs 34 in the
reinforcing member 20 distributed in a certain pattern.
Respective connections 22, 24 of the reinforcing member 20
to the facing 2 and the distance member 22 are also indicated.

FIG. 22 shows in perspective a part of an airfoil shaped
body 1 comprising a reinforcing member 20 that is plate-
shaped between the distance member 22 and respective con-
nections to the facing 2 and extends along substantially the
entire longitudinal extension of the airfoil shaped body 1
together with the distance member 22. Thus, the reinforcing
member 20 has the shape of a roof with two plate-shaped parts
meeting at an apex at the distance member 22. The reinforcing
member 20 resides between the inner surface of the facing 2
and respective girders 12 and is connected with continuous
longitudinal connections 24 to the girders 14 and to the inner
surface of the facing 2 at or near the respective edges of the
cap part 6. Apart from this, the description of FIGS. 11 and 12
is also valid for FIG. 22.

FIG. 23 is a perspective schematic view of a separate rein-
forced cap part 6 that is individually manufactured before its
assembly with the facing 2 and possible girders 14 of the
airfoil shaped body 1. The separate cap part 6 is an individual
member that is manufactured separate from the manufacture
of the other parts of the airfoil shaped body 1 and subse-
quently assembled with the other parts of the airfoil shaped
body 1. The separate reinforced cap part 6 comprises the
distance member 22 and the reinforcing member 20 that is
plate-shaped on each side of the distance member 22. The
separate reinforced cap part 6 has an outer surface that is
substantially flat or planar.

FIG. 24 is a perspective view of an airfoil shaped body 1
assembled with the separate cap part 6 shown in FIG. 23.
Advantageously, the entire separate cap part 6, or a part of the
separate cap part 6, can be renewed or replaced in case of
failure of the existing cap part. The existing cap part may be
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removed by a suitable cutting procedure and a new fitting cap
part 40 may then be bonded or otherwise connected to the
existing airfoil shaped body 1. The outer surface of the cap
part 6 may form the outer surface of the airfoil shaped body 1,
or a new facing 2 may be provided in order to cover the region
with the cap part, e.g. a region with a replaced cap part.

FIG. 25 schematically illustrates in perspective a separate
reinforced cap part 6 that is individually manufactured before
its assembly with the facing 2 and possible girders 14 of the
airfoil shaped body 1 like the separate cap part shown in
FIGS. 23 and 24. The top of FIG. 25 shows the cap part
viewed from inside the airfoil shaped body, and the bottom of
FIG. 25 shows the cap part viewed from outside the airfoil
shaped body. The illustrated cap part 6 has a plurality of
reinforcing members 20 formed by a wire 36 that is drawn or
wound around the cap part 6 and the distance member 22. In
order to maintain a smooth aerodynamic outer surface of the
cap part 6, the wire 36 may have a small diameter or a
cross-section with a flat shape. Further, the cap part 6 may
have a recess for accommodation of the wire 36, and still
further, the wire 36 may be covered by a laminate.

Preferably, the wire 36 forms an angle that is almost, but
slightly different from, perpendicular to the longitudinal
direction or extension of the airfoil shaped body 1 inside the
internal volume of the airfoil shaped body 1 and on the outer
surface of the cap part 6 due to the fact that the wire is wound
around the cap part 6 with a simultaneous substantially con-
stant velocity along the longitudinal extension of the cap part
6.

The wire 36 may be bonded to the outer surface of the cap
part 6.

The wire 36 preferably comprises fibres of very high stiff-
ness and strength such as, but not limited to, aramid fibres.

FIG. 26 schematically shows a cross-section of an airfoil
shaped body 1 similar to the cross-section of FIG. 17, but in
FIG. 26, the airfoil shaped body 1 has two distance members
22 in the shown cross-section, arranged with a mutual lateral
distance. Apart from this, the description of FIGS. 11 and 12
is also valid for FIG. 26.

FIG. 27 schematically shows a cross-section of an airfoil
shaped body 1 similar to the cross-section of FIG. 26, but in
FIG. 27, the airfoil shaped body 1 has two reinforcing mem-
bers 20 in the shown cross-section, each of which abuts a
respective one of the distance members 22 and is connected to
the facing 2 and a respective one of the girders 14 at one end,
and to the other one of the respective distance members 22
and the facing 2 at its other end. Apart from this, the descrip-
tion of FIGS. 11 and 12 is also valid for FIG. 27.

FIG. 28 shows an airfoil shaped body 1 in the form of a
wind turbine blade 1 for a horizontal axis wind turbine with
three blades. A part of the facing 2 has been cut away for
illustration purposes to make the plurality of reinforcing
members 20 visible. The reinforcing members 20 are posi-
tioned along the longitudinal extension of the blade 1 from the
root 13 to the tip 12 of the blade.

FIG. 29 shows in enlargement, the part of the blade 1 of
FIG. 28 with the cut away facing 2 to show in more detail the
arrangement of the plurality of reinforcing members 20. FIG.
17 shows one of the reinforcing members 20 in more detail,
and thus the description of FIG. 17, including the description
of FIGS. 11 and 12, is also valid for FIG. 29.

FIG. 30 shows in enlargement, the part of another blade 1
similar to the blade shown in FIGS. 28 and 29; however with
a different arrangement of a plurality of reinforcing members
20 wherein each reinforcing member 20 extends from the
distance member 22 to the inner surface of the facing 2 at one
side of the distance member 22, and wherein the reinforcing
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members are arranged in spatial relationship along the longi-
tudinal extension of the blade 1 in such a way that neighbour-
ing reinforcing members are attached to the inner surface of
the facing 2 at opposite sides of the distance member 22.
Apart from this, the description of FIGS. 28 and 29, including
the description of FIGS. 11 and 12, is also valid for FIG. 30.

FIG. 31 schematically shows a cross-section of an airfoil
shaped body 1, in which one or more reinforcing members 20
have been arranged for reinforcing a trailing and substantially
flat part of the facing 2 between the trailing edge 4 and the
rearmost girder 14 at the suction side of the airfoil shaped
body 1. Apart from this, the description of FIGS. 11-30 is also
valid for FIG. 31.

Although the present invention has been described in con-
nection with the specified embodiments, it should not be
construed as being in any way limited to the presented
examples. The scope of the present invention is set out by the
accompanying claim set. In the context of the claims, the
terms “comprising” or “comprises” do not exclude other pos-
sible elements or steps. Also, the mentioning of references
such as “a” or “an” etc. should not be construed as excluding
a plurality. The use of reference signs in the claims with
respect to elements indicated in the figures shall also not be
construed as limiting the scope of the invention. Furthermore,
individual features mentioned in different claims, may pos-
sibly be advantageously combined, and the mentioning of
these features in different claims does not exclude that a
combination of features is not possible and advantageous.

The invention claimed is:

1. An airfoil shaped body with a leading edge and a trailing
edge extending along a longitudinal direction of the airfoil
shaped body and defining a profile chord, the airfoil shaped
body having a suction side and a pressure side, both of which
extend between the leading edge and the trailing edge, the
airfoil shaped body comprising:

an airfoil shaped facing that forms an outer surface of the

airfoil shaped body and surrounds an internal volume of
the airfoil shaped body,

at least one reinforcing member that is connected to the

airfoil shaped facing with a first connection inside the
internal volume only adjacent a first side of the airfoil
shaped body, the first side being one of the suction side
and the pressure side, and extends transversal to the
longitudinal direction of the airfoil shaped body; and

a distance member that is in contact with airfoil shaped

facing, at a substantially flat part of the airfoil shaped
facing inside the internal volume of the airfoil shaped
body at a same side of the profile chord as the first
connection, and at a lateral distance from the first con-
nection and extends from the airfoil shaped facing and
into the internal volume of the body, wherein

the at least one reinforcing member is in contact with the

distance member at a second connection at a distance
from the airfoil shaped facing inside the internal volume
of and only adjacent the first side of the airfoil shaped
body and operates in tension for reinforcing the airfoil
shaped facing against inward deflections, and

the at least one reinforcing member is further connected to

the airfoil shaped facing with a third connection only
adjacent the first side of the airfoil shaped body and at a
side of the distance member opposite the first connection
and on a same side of the profile chord as the connection
of the distance member to the airfoil shaped facing.

2. An airfoil shaped body according to claim 1, wherein one
of the at least one reinforcing member is connected to the
airfoil shaped facing with the first connection and another one
of the at least one reinforcing member is connected to the
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airfoil shaped facing with the third connection and is dis-
placed along the longitudinal direction of the airfoil shaped
body with relation to the one of the at least one reinforcing
member with the first connection.

3. An airfoil shaped body according to claim 1, wherein the
at least one reinforcing member comprises a plurality of
elongated reinforcing members extending transversal to the
longitudinal direction of the airfoil shaped body and posi-
tioned in spaced relationship along the longitudinal extension
of the airfoil shaped body.

4. An airfoil shaped body according to claim 1, wherein the
at least one reinforcing member is selected from the group of
a wire, a rope, a thread, a fiber, and a web of fabric.

5. An airfoil shaped body according to claim 1, wherein the
at least one reinforcing member also operates in compression
for reinforcing the airfoil shaped facing against inward
deflections.

6. An airfoil shaped body according to claim 5, wherein the
at least one reinforcing member has the shape of an element
selected from the group of a rod, a bar, a plate, a tube.

7. An airfoil shaped body according to claim 1, further
comprising a girder extending inside the airfoil shaped body
and along the longitudinal direction of the airfoil shaped body
and that is connected to the airfoil shaped facing, and wherein
the distance member forms part of the girder.

8. An airfoil shaped body according to claim 1, wherein a
part of the airfoil shaped facing constitutes the distance mem-
ber.

9. An airfoil shaped body according to claim 1, further
comprising two girders extending inside the airfoil shaped
body and along the longitudinal direction of the body and
with a mutual distance perpendicular to the longitudinal
direction of the body and that are connected to the airfoil
shaped facing, and wherein

the distance member is located between the two girders,

and wherein

the at least one reinforcing member is connected to the

airfoil shaped facing proximate respective connections
of the girders to the airfoil shaped facing.

10. An airfoil shaped body according to claim 1, wherein
the distance member is formed by a plurality of distance
members.

11. An airfoil shaped body according to claim 1, wherein a
space between the at least one reinforcing member and the
airfoil shaped facing is at least partly filled with a filler mate-
rial.

12. An airfoil shaped body according to claim 1, wherein
the at least one reinforcing member and a part of the airfoil
shaped facing constitute a cap part.

13. A wind turbine with a blade that is an airfoil shaped
body according to claim 1.

14. An aircraft with a wing that is an airfoil shaped body
according to claim 1.

15. A method for manufacturing an airfoil shaped body, the
airfoil shaped body having a leading edge and a trailing edge
extending along a longitudinal direction of the airfoil shaped
body and defining a profile chord, the method comprising:

providing at least a part of an airfoil shaped facing of the

airfoil shaped body,

providing a distance member,

contacting the distance member to an internal surface of the

airfoil shaped facing,

providing at least one reinforcing member,

connecting the at least one reinforcing member to a first

position at the internal surface of the airfoil shaped fac-
ing at a distance from the distance member and at the
same side of the profile chord as the contact of the
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distance member with the airfoil shaped facing and only
adjacent a first side of the airfoil shaped body, the first
side being one of a suction side and a pressure side,

contacting the at least one reinforcing member to the dis-
tance member at a distance from the airfoil shaped fac-
ing only adjacent the first side of the airfoil shaped body,
and

connecting the at least one reinforcing member to a second

position at the internal surface of the airfoil shaped fac-
ing at a distance from the distance member and at a side
of the distance member opposite from the first position
and at a same side of the profile chord as the contact of
the distance member with the airfoil shaped facing and
only adjacent the first side of the airfoil shaped body.

16. A method according to claim 15, further comprising:
pre-tensioning the at least one reinforcing member with a
desired amount of tension.

17. A method according to claim 15, further comprising:
providing a filler material in a space between the at least one
reinforcing member and the internal surface of the airfoil
shaped facing.

18. A method according to claim 15, further comprising:
providing at least one girder and connecting the girder to the
internal surface of the airfoil shaped facing.

19. A method according to any of claim 15, wherein at least
one of providing at least a part of an airfoil shaped facing,
providing a distance member, and providing at least one rein-
forcing member includes building up layers of fiber materials.
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